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(54) Title: METHOD AND APPARATUS FOR PRODUCING BOARD AND A BOARD PRODUCT 




(57) Abstract: A method is disclosed for producing a multilayer paperboard product, as well as an assembly suited for implementing 
the method and a paperboard manufactured according to the method, whereby the paperboard is made from at least two, advanta- 
geously three layers (4, 5, 6) bonded to each other by gluing, and the material of the middle layer (5) is subjected to mechanical 
working in a dry state (8) so as to deform the material prior to gluing through pressing thereon desired pattern that is raised from the 
surface of the material (5). The layers (4, 5, 6) are bonded to each other in a single step (7). The method is capable of providing a 
strong paperboard thai uses less fiber than prior-art paperboards of equal thickness and strength. 
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Method and apparatus for producing board and a board 
product 

5 The present invention relates to a method according to 
the preamble of claim 1 for manufacturing multilayer 
paperboard. 

The invention also relates to an assembly suited for 
10 implementing the method and a paperboard product manu- 
factured according to the invention. 

Paperboard is used for printing and its greatest use is 
. in different types of packages. Important material quali- 

15 ties required from paperboard grades in packages are high 
strength and stiffness, as well as a sufficiently high 
quality of the printing substrate if text or pictures are 
to be printed on the package. Frequently, paperboards are 
also provided with barrier layers if they are used, e.g., 

20 for packaging liquids or products containing volatile 
components, such as coffee and other foodstuff. The 
surface quality of the printing substrate is determined 
by the requirements set on the quality of print on the 
product package, whereby luxury products obviously must 

25 be packaged in materials different from those used for 
shipping and consumer packages of bulk goods . 

To make a paperboard sufficiently stiff, the paperboard 
must be produced rather thick, whereby a lot of raw 

30 material fiber stock is needed for manufacturing the 

paperboard. On the other hand, the higher the require- 
ments set on the performance of the printing substrate, 
the more expensive raw materials must be used to render 
the product a sufficiently good brightness among other 

35 qualities. As the stiffness of paperboard is chiefly 

determined by its thickness, the specific material con- 
sumption and the raw material costs increase almost as a 
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linear function of the product thickness and basis 
weight . Accordingly, it would be advantageous to have the 
surface of the paperboard made from a strong material of 
high density and good printing properties while the 

5 middle layer should have a low density. Conventionally, 

the density of the paperboard web is essentially constant 
over its entire cross section, because normal manufactur- 
ing techniques are incapable of producing a web with a 
substantially varying density across its thickness dimen- 

10 sion. While folding paperboards do have a different 

density in the surface layer as compared to the density 
of the middle layer, even in these grades the variation 
in density is so small that there is no as effective way 
of reducing the material consumption of a thick paper- 

15 board as that offered by corrugated boards having a 

fluted middle layer. Hence, corrugated board is still 
preferred in the manufacture of packages due to the 
increasing demands on stiff er packaging materials. 

20 Corrugated board is a layered product comprising two 

outer layers called liners and a corrugated middle layer 
known as fluting placed therebetween. In multilayer 
corrugated boards, the number of fluted middle layers may 
be greater than one, and the middle layers are separated 

25 from each other by planar paperboard layers similar to 
those forming the liner layers. While the shape, inter- 
crest spacing and height of the flutes may vary, fluting 
is invariably made in a perpendicular direction to the 
machine direction of the raw material webs. Since the 

30 entire web used in the middle layer is fluted without 

deforming the smooth surface continuity of the web sides, 
the fluted crests form linear and continuous bonding 
patterns on the surface whereto it will be glued. As a 
result, the rigidity of the middle layer becomes differ- 

35 ent in the lateral and longitudinal directions. In paper- 
board webs, the fibers orient themselves during web manu- 
facture chiefly in the machine direction, that is, in the 
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longitudinal direction of the web. As a result, the 
strength properties of the web become different in the 
cross-machine and machine directions. In a corrugated 
board, this difference is equalized by the greater 
5 stiffness of the middle layer in the direction of the 

flutes. Herein, the term "direction of flutes" is used in 
the meaning of the longitudinal direction of the crests 
and valleys of the flutes. 

10 Although corrugated board is an advantageous packaging 
material, it has several shortcomings. The compressive 
strength of corrugated board varies in a wide range 
depending on whether the compressive force is imposed on 
a crest or a valley, and, furthermore, liner layers are 

15 not necessarily planar at all points, but they may have 
deformations caused by such factors as minor shrinkage 
after gluing, for instance. Of course, the surface layer 
properties of corrugated board are dependent on the 
thickness and quality of the liner, but nevertheless 

20 corrugated board is not generally considered to be a 

material of choice for printing with contacting printing 
methods, which curtails its use in premium- quality pack- 
ages. While corrugated board grades as a rule also tend 
to be relatively thick, recently thinner corrugated 

25 boards with lower basis weights have been introduced 

commercially. The excessive thickness of this material 
limits its use in both printed products and small retail 
packages that are limited by their external dimensions. 
Accordingly, corrugated board does not usually serve as 

30 an alternative to paperboard at least in packages of 
premium quality. 

One further shortcoming of corrugated board is its rela- 
tively complicated production process. A three-layer 
35 corrugated board is made by first fluting the web of the 
middle layer and then applying glue to the flute crests, 
whereupon the fluted medium is bonded by pressing to a 
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first flat liner . The second flat liner is glued in a 
separate step to the thus formed two- layer base board. 
The glue is applied to the flute crests alone allowing 
the glue application to take place only by means of a 

5 hard- surfaced applicator such as a roll. This application 
method cannot assure a uniform bonding. The two-step 
production technique is expensive and a corrugated board 
production line becomes long and clumsy, thus requiring a 
large footprint and involving a high investment cost. In 

10 the manufacture of a multilayer corrugated board, the 

number of production steps increases in proportion to the 
number of layers in the product • 

It is an object of the present invention to provide a 
15 method suited for manufacture of paperboard featuring a 
good stiffness and offering a ratio of specific material 
consumption to board stiffness lower than that of prior- 
art paperboard grades . 

20 The goal of the invention is achieved by virtue of making 
the paperboard from at least two, advantageously three, 
layers bonded to each other by gluing and through working 
the web material of the middle layer in a dry state, 
prior to the gluing step, so as to obtain permanent 

25 deformations whose pattern projects in a desired, freely 
variable manner from the surface of the middle layer 
material . 

It is another object of the invention to provide a method 
30 suited for bonding the paperboard layers to each other in 
a single step. 

More specifically, the method according to the invention 
is characterized by what is stated in the characterizing 
35 part of claim 1. 

Furthermore, the assembly according to the invention is 
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characterized by what is stated in the characterizing 
part of claim 10, while the paperboard product according 
to the invention is characterized by what is stated in 
the characterizing part of claim 12. 

5 

The invention offers significant benefits. 

The invention makes it possible to produce high-quality, 
printable packaging grades of paperboard, wherein the 
ratio of stiffness to specific consumption of raw mate- 
rial, particularly of fibrous raw material, is substan- 
tially more advantageous than in conventional paperboard 
grades. The properties of the paperboard are easy to vary 
and it may also be produced in extremely lightweight 
grades. The bulk of the product is high, as well as its 
strength and flexural resistance in regard to its basis 
weight. In fact, the stiffness of the product can even 
exceed that of corrugated board. Conversely, in compari- 
son to a product of equal stiffness and strength, the 
paperboard manufactured according to the invention can be 
made using a smaller amount of fibrous stock. Hence, the 
novel paperboard is more cost-effective to manufacture 
and it imposes a lower environmental load than that of a 
conventional paperboard in which all plies are solid 
layers. The product is completely and readily recyclable 
provided that all layers of the product are made from a 
cellulosic fiber material. If the product requires 
moisture or gas barriers, these can be implemented using 
conventional foil/film materials. Herein, the 
recyclability of the product is dictated by the type of 
foil/film used, whereby in favor of recyclability it is 
advantageous to select foil/film materials that are 
recyclable in conjunction with the fibrous stock. 

The properties of the paperboard can be varied in multi- 
ple ways. By virtue of varying shape and dimensions of 
the pattern formed in the middle layer, it is possible to 
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control, not only the thickness of the final product, but 
also its strength qualities in different directions, 
while the liner qualities can be varied to obtain desired 
printing properties of the paperboard. The paperboard 

5 liner can be, e.g., a coated and calendered grade thus 
rendering the product good printing properties. As the 
thickness profile of the paperboard is calibrated to an 
even thockness and the compressive resistance of the 
paperboard in a direction perpendicular to its surface is 

10 uniform, the novel paperboard can be printed at a high 
quality using conventional contacting- type printing 
techniques such as offset, flexographic and digital 
printers, for instance. 

15 The paperboard can be produced in a single nip and, as 
the application of the glue may be carried out using a 
plurality of different techniques one of which is spray- 
ing, the interbonding of the web layers and application 
of glue thereto is a simple operation. In most preferred 

20 form, the product is immediately ready for use, which 
means that it needs no drying or storage steps, but 
rather, may be taken directly to further conversion. 
Inasmuch the web of the middle layer is worked mechani- 
cally by pressing without heating, the middle layer 

25 forming means can be made very simple. As the invention 

can be adapted for use with different kinds of materials, 
the paperboard may be produced from the most cost- 
efficient raw materials available at a given time. This 
feature may be utilized when, for instance, the product 

30 is not requested to have a high brightness, whereby 

material costs can be cut advantageously by using less 
bleached fiber or recycled fiber not subjected to 
complete bleaching. The strength qualities of the product 
may be varied also through the use of different kinds of 
35 glues. For instance, gluing can be made using foamed glue 
that fills the cavities of the product thus substantially 
improving the stiffness of the product. One or more 
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layers of the product can be of a polymer material or a 
metallic foil and, furthermore, one of the layers can be 
coated with a material that forms a desired kind of film 
or barrier. These grades of paperboard are needed, e.g., 
5 for packages used for liquids or packages that are imper- 
vious or weakly pervious to moisture and gases, and for 
heat-sealable products. Of course, plural different 
foils /films may be laminated in a single product. 

10 In the following, the invention will be examined in more 
detail by making reference to the appended drawing in 
which an embodiment of the invention is illustrated 
schematically. 

15 The exemplary embodiment shown in the diagram is suited 
for the manufacture of a three-layer product. To make 
such a three- layer product, three webs 4, 5, 6 are needed 
that are taken to the manufacturing process as material 
rolls 1, 2, 3. As required by the process, the webs are 

20 paid off from the rolls 1, 2, 3 and passed into a 

bonding/calibration nip 7 formed between two opposed 
rolls. The webs are bonded to each other in this nip 7. 
Initially, the middle- layer web 5 is passed i33.to the nip 
of embossing rolls 8 that works the web by pressing 

25 thereon a raised pattern through embossing of the web 5 
in a dry state so as to deform the web surface in a 
permanent manner. In this context, a dry web must be 
understood as have the normal moisture content of a web 
being paid off from a storage or machine roll 2, that is, 

30 the delivery moisture content of the web roll, typically 
less than 10 %, generally 3 % to 12 % . Furthermore, the 
embossing operation is performed without subjecting the 
web to heating or steaming. Most advantageously, the web 
surface is embossed with a three-dimensional pattern such 

35 as a honeycomb pattern, whereby the strength of the web 
after embossing both in the orientation direction of the 
fibers and in the cross-machine direction is equally 
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good, which is not the case in a two-dimensional fluted 
medium of corrugated board, for instance. The liner webs 
2 and 6 are passed over gluing rolls 9-12. The function 
of these is such that the rolls 9, 10 running on the 

5 exterior side of the liner webs 4, 6, respectively, serve 
as backing rolls, while the glue is applied to the 
interior sides of the liner webs 4 , 6 on the periphery of 
the applicator rolls 11, 12, respectively. The glue- 
coated liner webs 4, 6 are next passed with the embossed 

10 middle-layer web 5 through a bonding nip, where the webs 
adhere to each other and, simultaneously, the thickness 
of the paperboard is calibrated by pressing the web 
between the rolls. In this fashion, the manufacture of 
the product and interbonding the webs thereof can be per- 

15 formed in a single step in conjunction with the calibra- 
tion of the paperboard thickness. The bonding nip 7 also 
serves as the draw nip for the webs. After bonding, the 
product can be dried if necessary by a dryer 13 depending 
on the curing requirements of the glue used. Of course, 

20 the glue can be cured using other types of reactions as 
dictated by the glue applied to the web. 

The above-described process may involve a plurality of 
different steps that are examined below in the view of 
25 different production line alternatives and steps thereof. 

The invention is directed to the manufacture of paper- 
board for consumer packages having a low resource need, 
whereby the goal of the invention is to cut down the 

30 specific consumption of raw materials used for the 

package. To this end, the present paperboard is specified 
as a multilayer packaging paperboard typically having a 
basis weight of 100 to 500 g/m 2 . The thickness of the 
product is typically 0.5 to 1.5 mm making the product 

35 compatible with a variety of different printing 

techniques. Its production takes place via process 
wherein the dry fibrous webs are bonded to each other by 
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gluing so that a two-layer or multilayer laminated 
material is obtained* The invention is based on 
mechanical working of the middle- layer web in a dry state 
so that permanent projecting deformations are produced 

5 thereon. The deformation step is advantageously carried 

out immediately before the gluing of the middle- layer web 
by its one side or both sides to a top liner, bottom 
liner or middle layer web. The glue is applied as a uni- 
form layer to the surface of an undeformed web, whereby 

0 the surface sizing of the top liner occurs at the same 

time thus further improving the strength the product. The 
bonding of the webs to each other takes place in a single 
nip that also controls and calibrates the final thickness 
of the product . 

5 

The webs used in the product may be unfinished webs or 
converted webs of a basis weight in the range 30 - 
200 g/m 2 . Such webs may be grades that are finished by 
coating and/or calendering, as well as multilayer webs 
0 surfaced or foil/film laminated in varying ways. The 
middle- layer web can even be a tissue-grade paper web 
with the provision that the desired strength qualities 
can be met. One or more fibrous webs of the product may 
be replaced by a polymer material or metallic foil layer. 

5 

Prior to gluing, the liner webs 4, 6 can be treated in 
the same process line by patterning, for instance. In the 
above -described embodiment, the liner web 4 is worked 
mechanically by an graining technique that takes place in 

0 the nip 14. Additionally, the web or webs can be coated 
by a barrier material, for instance. In the exemplifying 
embodiment, this treatment is performed for one of the 
liner webs in nip 15. The treatment may be performed 
using functional barrier layer treatment agents or 

5 lacquers or by adhering to the web surface a foil/film 
having the desired properties. In the context of the 
present text, the term barrier coating refers to a treat- 
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merit that makes the product impervious to a liquid or a 
gas. The application and fixing of such a treatment agent 
to a web is well known in the art, and several methods 
can be used to fulfill the task. 

5 

An essential feature of the invention is that it allows 
the product to be readily complemented with reinforcement 
bands and information technology elements such as magne- 
tic bands, printed-circuit foils and disks with resonant 

10 identification chips/circuits or other passive/active 

elements of the data processing technology on the basis 
of which packages made from the present paperboard can be 
identified and the manufacture/use of such packages can 
be controlled. The reinforcement or magnetic band can be 

15 paid off from a coil 16 into the bonding nip 7, while 

other types of accessory elements are either introduced 
by suitable feeder means 17 into the bonding nip or 
applied to the glue-coated surface of the web. 

20 The liner webs of the paperboard may be preprinted, 

whereby it is generally necessary to align the patterns 
printed on the opposite liner webs with each other. This 
may be accomplished with the help of, e.g., alignment 
marks printed on the liner webs. The alignment of the 
25 marks can be controlled by cameras or photocells. The 

invention makes such web alignment easy inasmuch the webs 
are bonded to each other in a single nip 7, whereby the 
alignment only needs a simple control of the mutual 
speeds of the webs. The alignment marks may also be 
30 utilized for feeding the above-mentioned data processing 
elements into desired positions of the web so that the 
elements become accurately aligned at proper sites in cut 
sheets and thus are correctly located in a package for a 
read or write operation. 

35 

The glue is applied to the entire surface of an unworked 
web that may be a liner web or a middle layer web. In 
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this fashion it is possible to assure positive adherence 
of all points of the worked middle layer webs to the 
unworked web, whereby the curing of the glue also forti- 
fies the product. The amount of glue applied is about 1-3 
5 g/m 2 as the glue solids, which means that the glue may be 
applied using a film- transfer application technique, for 
instance. In practice, the glue can be applied by any me- 
thod known in the art, exemplary ones of these methods 
being spray application, falling-curtain film applica- 

10 tion, gravure roll application and nozzle- jet applica- 
tion. The glue can be applied as a liquid or a dispersion 
or foam of solids in a liquid base solution. The glue may 
also be applied directly into the bonding nip 7 as 
denoted by arrow 18 in the diagram, particularly when a 

15 foamed glue or spray application is employed. It must be 
noted, however, that a uniform layer of glue must be 
applied to the surface of the unworked web in> order to 
make a strong product and to assure complete gluing of 
the middle layer. Advantageously, the solids content of 

20 the glue should be high to avoid the need for vigorous 
drying of the product. Proper selection of the glue may 
also be utilized to affect the product qualities, and 
thus the gluing step can give the product such properties 
as controlled ESD (electrostatic discharge) protection, 

25 for instance. If the glue is applied as a foamed formula- 
tion, it fills the voids of the product thus particularly 
enhancing its compression resistance. One aspect favoring 
starch-based glues is that products glued with these 
formulations are readily recyclable. 

30 

The embossing of the middle layer 5 is made on a dry web 
by way of subjecting the web to compression so as to make 
permanent deformations thereon. Advantageously, the web 
surface should not be torn to maintain its maximum 
35 strength. The web is embossed in a dry state, since em- 
bossing the web in a moist state needs drying which is an 
energy-hungry and thus costly operation requiring 
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efficient dryer equipment and, moreover, the drying of 
the web would affect the dimensions of the embossed 
pattern and the web itself, because a moist fibrous web 
undergoes a drastic shrinkage during drying. 

5 

In addition to those described above, the invention may 
have alternative embodiments. 

The number of paperboard layers may be varied and web 

10 materials can be other than fibrous webs. However, at 
least one of the webs should be comprised generally of 
cellulosic fiber. The most preferred webs of the middle 
layer are those made from cellulosic fiber material as 
they render themselves well to mechanical working. On the 

15 other hand, if a most cost-efficient solution is sought, 
the web material can be made from groundwood pulp. For 
instance, an impervious packaging -grade paperboard may 
have one or more of the webs comprised of a polymer mate- 
rial or thin metal foil or even a treated semipermeable 

20 polymer film. While in the production method and appa- 
ratus according to the invention the webs are bonded to 
each other advantageously in a single nip, multilayer 
products may also be made by, e.g., first producing a 
three -layer paperboard whereto in a later step are bonded 

25 a required number of middle layers and liners. 

In the apparatus according to the invention, the roll 
nips can be replaced by, e.g., belt presses or the like. 
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What is claimed is: 

1. Method for producing a paperboard product comprising 
at least two layers, in which method paperboard raw mate- 

5 rial webs (4, 5, 6) forming the layers of the product are 
bonded to each other by gluing, characterized in that at 
least one of the webs is worked mechanically by pressing 
thereon a raised pattern so as to deform the web surface 
in a permanent manner. 

10 

2. Method according to claim 1, characterized in that on 
the web (5) to be worked mechanically is formed three- 
dimensional deformations . 

15 3. Method according to claim 1 or 2 , characterized in 

that the web (5) to be worked mechanically is worked in a 
dry state, whereby the moisture content of the web is 
advantageously not greater than 12 %. 

20 4 . Method according to any one of foregoing claims , 
characterized in that glue is applied over the entire 
surface of those sides of the unworked webs (4, 5) that 
are intended to face the worked web (5) . 

25 5. Method according to any one of foregoing claims, 

characterized in that the webs (4, 5, 6) are bonded to 
each other after the application of the glue in a bonding 
nip (7), wherein the raw material webs (4, 5, 6) of the 
paperboard product being made are pressed against each 

30 other so as to calibrate the thickness of the bonded 
webs . 

6. Method according to claim 5, characterized in that in 
said bonding nip (7) are simultaneously bonded at least 
35 three webs (4, 5, 6) to each other. 



7. Method according to any one of foregoing claims, 
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characterized in that at least one (6) of said webs is 
treated so as to make the web impervious to liquid and/or 
gas . 

5 8. Method according to claim 5, characterized in that 
into the bonding nip (7) are introduced identification 
elements capable of aiding the identification of said 
paperboard product or a package made therefrom. 

10 9. Method according to any one of foregoing claims, 

characterized in that alignment marks are made to said 
webs and during the pressing step the webs are aligned 
with each other with the help of said marks . 

15 10. Assembly for producing a paperboard product 

comprising at least two layers, the assembly including 

- means (1, 2, 3) for passing at least two webs (4, 
5, 6) into the assembly, and 

20 

- means (9) for treating one surface of at least one 

(4) of the webs by a glue for bonding said surface 
to another web (5) , 

25 characterized by 

- means (8) for working at least one (5) of the webs 
mechanically so as to form on the surface of said 
web permanent deformations, and 

30 

- a nip (7) for both pressing said webs (4, 5) 
against each other after the application of the 
glue and calibrating the thickness of the product 
thus obtained. 

35 

11. Assembly according to claim 10, characterized in 
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that the number of said nip infeed means (1, 2, 3) of 
said webs (4, 5, 6) is at least three and that said webs 
are adapted to enter said bonding nip (7) in a 
simultaneous fashion . 

5 

12. Paperboard product comprising at least two layers 
(4, 5) bonded to each other, one (4) of the layers being 
a planar web, characterized in that at least one (5) of 
said layers is worked mechanically so that on the surface 

10 of said layer is a three-dimensional pattern of permanent 
deformations . 

13. Paperboard product according to claim 12 , character- 
ized in that glue is applied over the entire surface of 

15 that side of at least one (4) of said planar webs 
intended to face the mechanically worked web. 

14. Paperboard product according to claim 13, character- 
ized in that said product comprises three layers and said 

20 worked layer is bonded between said planar webs . 

15. Paperboard product according to claim 12, character- 
ized in that at least one of said layers of said product 
is impervious to liquid or gas. 

25 

16. Paperboard product according to claim 12, character- 
ized in that said product includes identification 
elements capable of aiding the identification of said 
product or a package made therefrom. 

30 
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